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I. INTRODUCTION
The AlGaN/GaN high-electron-mobility transistor (HEMT) is a focus of interest in efforts to fabricate high power and high-frequency microwave circuits due to the remarkable properties of the GaN material. This is possible thanks to the high electron mobility, the high breakdown voltage and the high thermal conductivity. However, trapping effects remain the biggest problem for GaN community because they significantly limit the dynamic performances of the device and also detriments the device reliability due to the presence of deep level states into the heterostructure, called traps. Several measurement characterization techniques can help researchers to identify and localize these defects. The so-called "traps" can be located in different region and/or interfaces. The origin of these noise sources are correlated with the physical phenomenon occurring in the device. For GaN HEMTs, 1/f noise and Generation-Recombination (G-R) noise are considered to be the most important noise sources [1] . The 1/f noise could be originated from material due to microscopic degrees of freedom interacting with quantum variables of nano-devices [2] . The G-R noise originates from traps that randomly capture and emit charge carriers, thereby causing fluctuations in the total number of charge carriers available for current transport in the channel [3] . Therefore, to determine the signature of these traps (activation energy (Ea), cross section (σn)) in the devices, we propose in this study a Low Frequency (LF) Noise characterization based on the measurement of the output drain noise and the input gate noise spectral densities using the FFT HP89410A vector signal analyzer [4] .
The noise measurement has been performed at different chuck temperatures (Tchuck) ranging between 25°C and 125°C and this allows to extract the activation energy (Ea) and capture cross section (σn) of the traps located in the device. The paper is organized as follows. Section II describes very briefly the structure of the transistor. Section III describes the setup noise characterization for HEMT device under test (DUT). In Section IV, we present the measured LF drain noise characteristics (output noise power spectral density) and the LF gate noise characteristics (input noise power spectral density) of AlGaN/GaN HEMT of 0.15µm ultrashort gate length and 8x50 µm gate width and we discuss the extracted trap parameters. We also verify the leakage current in the end of these measurements to ensure their reliability. Finally, Section VI concludes the paper.
II. DEVICE DESCRIPTION
The structure of the transistor used in this work is based on AlGaN/GaN HEMTs grown on SiC substrate with a gate length of 0.15 µm and a slanted T-shape profile. A source terminated field-plate is processed to improve the breakdown voltage and the transistor RF gain by a reduction of feed-back capacitance. Experimental details on the thickness of each layers of the device cannot be given due to confidential reasons. This technology offers to frequency bands up to 35GHz covering the need for 5G in particular.
III. CHARACTERIZATION SETUP

A. Noise Work bench
The LF noise of the semiconductor devices can be carried out as equivalent input voltage and current noise sources or in terms of input gate short-circuit current and output drain short-circuit current noise sources as shown in Fig.1 . The transistor is modeled as a noiseless transistor with noise current sources at both the ports and their corresponding input and output noise spectral densities are denoted as SIin and SIout, respectively. In order to measure the noise current sources, different setups have been proposed in the literature [5] . The Low Frequency noise bench measurement [1] , [4] used in this work is shown in Fig. 2 . The noise voltages generated by the voltage amplifiers are measured using the HP89410A vector signal analyzer. The FFT vector signal analyzer allows the measure of the signal power either in frequency or the time domain. The noise floor of the measurement test-bench is 3×10
-27 A 2 /Hz at 1 KHz and 7×10 -27 A 2 /Hz at 100 KHz, respectively. On-wafer LF noise measurements have been performed by including the thermal chuck in the measurement bench and the associated thermal calibration has been performed. The device is biased under deep class-AB operation mode (VDS = 10V and IDS = 50mA/mm). The bias tees are connected in order to avoid the unnecessary oscillations in the RF band. By characterizing the bias tees connected at the input and output terminals of the transistor, the measured power spectral densities SVin and SVout are related to the short circuit noise power spectral densities SIin and SIout of the transistor. In order to avoid the influence of one noise on another, a large value of capacitance (30-mF) is connected at the In or Out node, while measuring the noise at the other terminal. Further details about the noise measurement can be found in [1] .
IV. RESULTS AND DISCUSSIONS
A. Outout Power Spectral Density
The output noise voltage spectral density SIout was measured using the noise test-bench shown in Fig. 2 and the corresponding noise current spectral density obtained is shown in Fig. 3 . This device is biased under deep class AB operating conditions: VDS = 10V and IDS = 20 mA. It can be noticed that the 1/f noise dominates at low frequencies whereas the GR noise dominates at higher frequencies. 
B. Trapping Effects
To distinguish GR noise from other measured noise sources, the measured output drain noise spectral density is multiplied by frequency and the corresponding obtained plot for different temperature is shown in Fig. 4 . The peaks observed correspond to the existence of traps in the device structure. The traps cut-off frequencies have been extracted at various temperatures and then, by using the Arrhenius equation [6] , the trap activation energy (Ea) and capture cross sections (σn) have been determined. A correct extrapolation of the time constant of the de-trapping processes needs to evaluate the self-heating effects of the device. Therefore, the method proposed in [7] is used to extract the thermal resistance RTH of the devices using onwafer pulsed I(V) measurements. The thermal resistance of the transistor (RTH =13 ºC mm/W) has been taken into account while extracting the trapping physical parameters. The corresponding extracted Arrhenius plot is shown in Fig. 5 . The apparent activation energy determined is 0.51 eV and the To achieve complementary information on the trapping phenomena, measurements are carried out for IDS = 60mA while maintaining the drain voltage VDS = 10V. The corresponding output noise current spectral density is shown in Fig. 6 . In the same manner as previously described, the corresponding activation (Ea) and cross section (σn) obtained using the Arrhenius plot are 0.53eV and 1.5x10 -14 cm². Fig.7 investigates the effect of the measured output noise spectral density multiplied by frequency for the drain current IDS = 60 mA for the temperature ranges between 25ºC and 125ºC. It can be noticed that the cut-off frequency of the detrapping processes depend on the choice of the bias conditions. In our study, the time constant decreases with increasing the drain current. Nevertheless, the values of the activation energy and cross section are very close to the ones obtained for VDS = 10V and IDS = 20 mA. Fig. 7 . Output noise power spectral density multiply by frequency under biasing conditions of (VDS=10V; IDS=50mA/mm) and (VDS=10V; IDS=150mA/mm) for the AlGaN/GaN device measured for various Tchuck ranging between 25 ºC and 125 ºC. Fig. 8 exhibits the summary of the deep levels investigated by several research groups for the case of iron doped GaN buffer HEMT devices. On the same plot, we report the curves corresponding to activation energies extracted using low frequency noise measurements. The physical origin of these deep levels could be related to the Fe-doped GaN buffer. Moreover, the extracted activation energies of these deep levels are in good agreement with the already reported value of Fe-doped GaN HEMT devices [4] , [8] , [9] , [10] . 
C. Input Power Spectral Density
The input noise voltage spectral density SIin was measured using the same biasing condition. The corresponding noise current spectral density obtained is shown in Fig. 9 . To distinguish GR noise from other measured noise sources, the measured input noise spectral density is multiplied by frequency and the corresponding obtained plot for different temperature is shown in Fig. 10 . These data show an absence of temperature dependence. So, the extraction of the signature of traps cannot be highlighted. In order to understand, to localize and identify these traps, two-dimensional (2D) TCAD physics-based device simulations must be performed. 
V. LEAKAGE CURRENT VERIFICATION
To ensure the validity of our measurements, we present in Fig.11 the drain current before and after LF noise measurements which is in a range of µA/mm. So, for a VGS = -7 V and -6 V, we measured the dc drain current (IDS) using the Keysight B1500A analyzer. We can notice that no leakage current was detected (less than 40 µA/mm), in addition, the current decrease after LF noise measurements. 
VI. CONCLUSION
In this work, we have investigated the LF drain and gate noise characteristics of the new AlGaN/GaN HEMTs Transistor of 0.15 µm ultra-short gate length. The measured drain noise characteristics confirm the existence of traps in the device. The activation energy of traps determined could be related to the iron doping existing in the GaN buffer region of the device. However, the measured gate noise characteristics confirm also the existence of another type of traps in the structure. Further investigations using TCAD physical simulations are strongly required to identify the type of those traps existing in the device and also their corresponding physical location. No leakage current was identified before and after measurements. 
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